IN AN EDITORIAL in the November issue of Circulation Drs. Redwood, Borer and Epstein' expressed their concern about performing exercise electrocardiographic testing on asymptomatic persons because some of the abnormal ECG responses occur in individuals who do not have significant coronary arterial obstruction at angiography. Conversely they find such testing to be of limited value in symptomatic individuals because the diagnosis of coronary heart disease is virtually established by the presence of these symptoms. We feel that in each of these concerns there is a mixture of truth and error which calls for further explanation. As they correctly point out, asymptomatic persons with an abnormal exercise ECG response have fifteenfold higher risk of developing overt coronary heart disease than normal responders. At argument is not whether exercise testing can identify individuals at high risk, but whether there is any merit in so doing. We are warned of the questionable ethics of informing a patient that he or she has increased risk of developing coronary heart disease when in fact they may not develop the disease; we are warned not to employ the evidence of a positive stress test response as a means to improve adherence to therapeutic programs aimed at reducing the likelihood of developing overt cardiovascular disease; and we are warned that some patients may be unable to cope with the knowledge that their lives may be shortened by the development of coronary heart disease.
In fact, prognostication or estimation of relative risk is an established part of clinical medicine. Coronary heart disease has been the subject of extensive work in the quantitation of risk, mainly because of its wide prevalence but also because of the numerous recognized factors which are associated with increased likelihood of manifesting overt disease. With current knowledge one can hardly claim to have performed an adequate clinical workup on a middle-aged American male if one has not measured the serum lipids, evaluated cigarette smoking, measured the blood pressure and serum glucose, then calculated the individual's risk from appropriate epidemiologic tables. The clinical strategy universally employed with the calculated risk ratio is that of facilitating the patient's appreciation of his high risk status in order to obtain his cooperation in attempting to reduce his risk. Yet the stress ECG response is an even more powerful tool for estimating risk than the risk factors mentioned above. 2 The usefulness of serum cholesterol determination is not eliminated by the fact that not all persons with high cholesterol develop coronary heart disease, and this may be said just as well for the exercise test.
There is much yet to be learned about the exercise electrocardiographic response. We know already that it is unreasonable ever to expect a one-to-one relationship between the exercise electrocardiogram and the coronary angiogram. When only coronary atherosclerosis is present and there has been no damage to the myocardium, it is to be expected that arteries with 50-70% occlusion will be found even though there is no symptomatic or electrocardiographic evidence of ischemia, since there is now good evidence indicating that this degree of obstruction does not significantly reduce arterial flow.3 Although this may be taken as a serious deficiency of the test in terms of early detection of coronary artery disease, this relationship is consistent with the finding that patients with chronic angina pectoris or myocardial infarction nearly always have greater than 70% occlusion in the most involved vessel.' The number of vessels involved also has a direct effect on test sensitivity,5 similar to its effect on patient annual mortality rate. 6 We believe the emphasis of the editorial upon a single parameter of exercise testing, the ST segment and this only in terms of being positive or negative rather than in terms of a quantitative analysis (i.e., amplitude, time course and number of leads involved) represents a regressive position. This generation has seen the evolution of exercise testing from relatively mild exercise without ECG monitoring to contemporary practice which includes near maximal or maximal exercise typically on a motorized treadmill with monitoring of multiple ECG leads, blood pressure, symptoms and general appearance. Roitman and colleagues in 1970 reported that diagnostic accuracy of the exercise ECG was improved when prior probabilities manifested in the history, the resting electrocardiogram, and symptoms while walking on the treadmill were taken into account.7 Blackburn and colleagues,8 Mason and colleagues,' and later Phibbs and Buckels'0 showed that it was not possible to obtain optimal sensitivity in stress ECG testing by using only a single lead, and available evidence suggests that at least six different ECG leads are required in order to detect all the instances of exertional ST-segment depression which can be registered in a conventional 12-lead electrocardiogram. It has also been shown that ST-segment diagnostic criteria developed for conventional Wilson chest leads are not 681 NO 5 1977 directly applicable to orthogonal leads such as those of Frank8 nor are these criteria directly applicable to bipolar leads such as CM-5, which typically yield larger amplitudes both for the QRS complex and for ST-T deflections."5 The report of Dr. Epstein's group by Borer et al.12 that yielded disappointing exercise ECG results employed only two ECG leads; both of these were of the nonstandard bipolar type, and only one of these leads had an active electrode located over the precordium. Thomson and Kelemen" have reported that the development of a drop in systolic blood pressure during exercise serves to detect persons with significant two or three vessel coronary artery disease, when accompanied by either chest pain or ST segment depression. Monitoring of the blood pressure during exercise would thus be expected to contribute to the sensitivity of the exercise electrocardiogram, on occasion heralding the presence of coronary artery disease which was not indicated by the exercise ECG.
The behavior of the heart rate response to exercise conveys valuable clinical information. Ellestad54 has reported that subjects who attained significantly lower than normal heart rates during stress testing had about twice as high a mortality rate on followup as did those who attained normal peak heart rates. This relationship held regardless of the presence or absence of ST-segment depression or other exercise test abnormalities. This manifestation would be expected to increase the sensitivity of detection of coronary heart disease. The report by Borer et al. did not contain sufficient heart rate data to permit judgment of the normality of heart rate response in their group of patients. The group they examined, hyperlipidemic NIH study volunteers, hardly seems sufficiently representative of the asymptomatic population at large to permit the generalization they made. Ellestad has also found a significant prognostic effect of the duration of exercise required to produce ST-segment depression. Persons developing ST-segment depression after only seven or more minutes of exercise have a mortality rate only slightly greater than normal; persons developing ST depression only after five minutes of exercise have a significantly worse prognosis; an even greater mortality rate is found in those who develop ST-segment depression after only three minutes of exercise. This finding has been extended by the report of Margolis"' that above average exercise endurance times, namely greater than nine minutes of exercise, were associated with near zero mortality in shortterm followup regardless of whether ST-segment depression was manifested or not. Thus consideration of exercise endurance time can significantly improve the specificity of the ST-segment response, since a normal or better exercise endurance time would serve to identify a number of individuals at low risk who on the basis of gross ST-segment behavior alone would be considered positive reactors.
Redwood et al.' suggest that there may be an ethical obligation or a psychological pressure to perform coronary angiography on all asymptomatic individuals with exerciseinduced ST-segment depression. This certainly differs from the common medical practice of performing angiograms only on potential candidates for coronary artery bypass (i.e., patients with unsatisfactorily controlled angina pectoris or a youthful coronary event). Not only is coronary angiography not indicated in all except an occasional individual in this group, but it should become unnecessary as a means of properly identifying the asymptomatic false positive reactor as exercise cardiac scintigraphy becomes more widely available. This test method has been shown to be highly effective in detecting individuals with exertional ST-segment depression but normal coronary angiograms.6' '7 This method does not carry the slight risk or formidable expense of coronary angiography, and experience to date suggests that it should achieve the same excellent safety record as that shown by stress testing without scintigraphy.
In summary, Bayes' theorem, indicating that the predictive value of any less-than-perfect test varies with the prevalence of the disease, is not new. We must continue to remember that a positive test for an infrequent disease calls for further evaluation.
We can readily stratify asymptomatic subjects according to age, sex, serum cholesterol, family history and other factors. To ignore the vast difference in risk ratio between a 30year-old eulipidemic woman who shows ST depression in the twelfth minute of exercise, and the fifty-five-year-old man who shows the same, plus hypotension, in the fourth minute of exercise, is a mistake no experienced clinician is likely to make. Most stratifications of subgroup disease prevalence will be less dramatic but no less valid.
Stress testing should be performed on asymptomatic persons only if it is wished to classify them with respect to relative risk of future coronary events, not to predict the angiographic appearance of their coronary arteries. Since coronary artery disease is frequent among patients who consult physicians for chest pain, the stress test finds its greatest accuracy in this group. Here it aids in the diagnosis of the chest pain and, when the diagnosis is known, aids in appropriate selection of medical and perhaps surgical therapy.
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The Actual Prevalence of False Positive ST-Segment Responses to Exercise in Clinically Normal Subjects Remains Undefined IN A RECENT EDITORIAL REVIEW IN Circulation, Redwood and associates' expressed their opinion that exercise testing for ST-segment abnormalities is of little value in detecting asymptomatic subjects with ischemic heart disease. Their reasoning, based on a review of the currently available literature, was that the prevalence of false positive STsegment responses to exercise in asymptomatic subjects is unacceptably high. The authors also conclude that the high predictive accuracy' of the exercise ST-segment response in symptomatic patients is biased by the patient populations studied and that equal diagnostic accuracy can be obtained by the clinical history alone. However, they failed to critically analyze the very few reported studies in asymptomatic subjects to determine if patient selection, faulty methods, or techniques and other variables might be instrumental in creating biased results in this group. Instead, they present existing data as though they were conclusive and further investigative studies would be unrewarding. Redwood et al.1 based their conclusions concerning the accuracy of the ST-segment response to exercise in asymptomatic subjects on four reported epidemiologic studies2'5 and two studies in which coronary cineangiographic correlations were reported.67 They cited a combined predictive accuracy' of 25% from the four epidemiologic studies based on three to six year follow-ups of the study subjects. The authors apparently assume that the absence of a new coronary event in 75% of these subjects during relatively short follow-up periods is conclusive evidence that the majority of the subjects will not manifest clinical coronary artery disease in the future.
The truth is that there are no long term follow-up data to define the natural history of new coronary events in subjects with coronary artery disease manifested solely by an abnormal maximal or near-maximal exercise ST-segment response. In our studies of clinically normal Indiana state policemen the mean time between the finding of an abnormal ST response to exercise and a new coronary event has been 4.5 years. 8 Redwood and associates referred to the coronary cineangiographic correlation studies of Borer et al." and Froelicher et al.7 to support their conclusion that the predictive accuracy of an abnormal ST-segment response to exercise is unacceptable in asymptomatic subjects. A critical review of these reports reveals that the majority of the subjects studied could not be considered clinically normal. In Froelicher's study of 76 male Air Force personnel, only 43% of the subjects with an abnormal ST response to exercise had coronary artery disease. However, 58 of these subjects were chosen for study because of repolarization abnormalities on their 12-lead ECG. Their ST-segment responses to exercise were interpreted as abnormal if they demonstrated 1.0 mm or more of horizontal or downsloping ST depression during or after exercise "regardless of the degree of baseline ST segment depression." The poor diagnostic reliability of the exercise ECG in the face of baseline repolarization abnormalities is generally accepted.-10 The remaining 18 subjects in Froelicher's study group were asymptomatic and had a normal 12-lead ECG at rest. At first glance the results did not appear to be significantly different in this subgroup in that 11 of the 18 subjects or 61% had normal coronary cineangiograms. However, of the 11 subjects with a false positive ST response to exercise, the ST-segment abnormalities appeared only in a bipolar Y axis lead system in seven. Therefore, the coronary cineangiograms were abnormal in seven of the 11 subjects with an abnormal ST response on a more conventional, bipolar V5 lead system. The probability of an increased incidence of false positive ST-segment responses to
